The eigenphase shifts and mixing parameters for elastic p-d scattering below the deuteron-breakup threshold are calculated for the AV14 two-body potential using two different numerical methods. The excellent agreement confirms that it is possible to perform accurate numerical studies of p-d scattering as well as n-d scattering for low energies. The numerical results can be considered as benchmarks for future calculations.
I. Introduction
The theoretical investigation of the three-nucleon system is an important tool to test our knowledge of the nuclear interaction. This system is simple enough that one can obtain accurate solutions for the 3 H and 3 He bound-state systems. Modern realistic nucleon-nucleon two-body potential models that fit the data with a χ 2 per datum very close to unity underbind the trinucleon bound states by 0.5 -1.0 MeV. A possible solution to this discrepancy is to include the three-nucleon interaction in the model Hamiltonian. Various models of the three-nucleon force have been adjusted so that the correct three-body binding energy is obtained. Since the other bound-state observables scale with the binding energy, the bound-state system cannot be used to test our understanding of the three-body force.
Initially it was believed that the nucleon-deuteron scattering problem could be used to test our understanding of the three-nucleon force; however, it has been shown [1] that most of the scattering data can be reproduced at a good level with only twobody interactions. For low-energy scattering the effects of the three-nucleon force are usually small; there are nevertheless some discrepancies (such as the nucleon analyzing power A y and the deuteron analyzing power iT 11 ) that could be sensitive to these interactions. Since much of the experimental data is for p-d scattering at low energies, where the Coulomb interaction cannot be neglected, it is necessary to solve the scattering equations for this case as well as for the n-d case.
Various groups have published benchmark calculations showing that it possible to obtain accurate solutions of the n-d Faddeev scattering equations for energies above the breakup threshold [2, 3] and using s-wave potentials. Recently, a benchmark calculation for n-d scattering has been published at E lab = 3 MeV (just below the deuteron breakup threshold) using a realistic NN potential [4] . Conversely, at present there has been no thorough study of the accuracy of the solutions for p-d scattering. In this paper we present a detailed comparison of the p-d phase shifts and mixing parameters obtained by two different configuration-space calculations. These results can serve as benchmarks for the low-energy p-d scattering problem. The methods used for these calculations can be extended above the deuteron-breakup threshold, and some preliminary calculations have been published for this case [5] .
II. Results
The two methods used for the results in this paper have been described in previous papers. The Pisa group [6, 7, 8] uses the Pair-correlated Hyperspherical Harmonic (PHH) basis to expand the wave function, and the corresponding S-matrix is obtained using the complex form of the Kohn variational principle. The Los Alamos-Iowa (LA-Iowa) group [9, 10] solves the Faddeev-Noyes equations using a spline expansion in configuration space with boundary conditions appropriate to two-body Coulomb scattering in the asymptotic region.
For the two-body potential we choose the Argonne AV14 model [11] , since this was used in a previous benchmark paper for n-d scattering [4] . We consider the same parameters and energies in order to show the effects of the Coulomb interaction on the results. There is one small difference from the previous calculations, we use h 2 /M (MeV·fm 2 )= 41.47 instead of the value of 41.473 used previously. The conventions used for the phase shifts and mixing parameters are the same as in Ref. [4] . For completeness, we show in Table 1 the binding energies and scattering lengths for this potential. The Pisa values shown in the table were previously published in Ref. [8] , while the LA-Iowa numbers are the results of recent more accurate calculations. Also, we give in Table 2 the n-d results for our value ofh 2 /M. Our primary results, the p-d phase shifts and mixing parameters, are given in Table 3 , where one can see that the two calculations differ by less than 1%, and in many cases (such as the large phase shifts) the differences are much smaller than that.
III. Conclusions
The results from two very different numerical methods are in excellent agreement for p-d scattering at energies below the deuteron-breakup threshold. This confirms that in this case it is possible in practice to perform theoretical studies with the same precision as for the n-d problem. These results also provide a benchmark against which researchers in the future can test their techniques. 
